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7. Rinse NMDA off of inserts by dipping each insert three times in three separate 60 mm dishes each containing 10 mL Neurobasal warmed to 36°C. Do not use more than three inserts for each set of three 60 mm wash dishes. 8. Return cultures to normal incubation conditions. 9. Collect injury images 24 hours after exposure to NMDA.
a. Calibrate camera with fluoroscein standard as described above. b. Place cultures in Sytox media for 20 min.
10. Quantitate Injury: a. Using MetaMorph software, draw an AOI around CA1 region. b. Measure intensity of selected region for "injury." c. Copy and paste AOI from "injury" to "background" image. d. Enter values from "injury" and "background" into Excel. e. Quantitate "numerator-background" for Control and Cold-preconditioned cultures. f. Using statistical software (e.g., SigmaStat), run appropriate statistical tests to compare injury of experimental group(s) versus a control group, which should always be included with each experimental run. g. Note: If injury levels are low in one-day post-injury images, carry-out experiment to two three days. Protection in cultures may be masked due to a lack of susceptibility to injury (Figure 2 ). h. Note: The issue of "protection" prompted us to move to measuring injury levels and not ratios for all comparisons (Figure 3 ).
Co-treatments Applied with Cold-preconditioning
An important advantage of slice cultures is that environmental conditions can be accurately controlled. This means that cytokine signaling from cold-preconditioning can be measured, mimicked, and modulated to dissect the critical node aspects.
1. Recombinant (e.g., agonist) proteins and neutralizing (e.g., antibody or soluble receptor) proteins can be used to mimic and modulate, respectively, cytokine signaling. 2. In general, these proteins are reconstituted and stored as aliquots at -20°C for use within six months to ensure adequate bioactivity. 3. Here, we describe exemplary use of TNF-α signaling abrogation using soluble TNF receptor 1 (sTNFR1).
a. Reconstitute sTNFR1 in 0.1% bovine serum albumin in PBS to a stock of 50 μg/mL, aliquot in 20-50 μL amounts, and store at -20°C. b. For use, dilute sTNFR1 to 200 ng/mL in slice cultures growth media warmed to 36°C and place slice cultures in sTNFR1-media for 20 min prior to cold-preconditioning. i. Note: To reduce variance, it is best to dilute 200 ng/mL sTNFR1 in a large volume of growth media (i.e., 1:250 dilution from 50 μg/mL sTNFR1 stock in 10 mL of growth media requires 40 μL sTNFR1) vs. adding sTNFR1 directly to each well in dish (4.4 μL per 1.1 mL media).
c. Dilute sTNFR1 to 200 ng/mL in media and place 1.1 mL in each insert well. Allow media to equilibrate to 30°C for at least 20 min before exposing slice cultures to cold-preconditioning for 90 min as described above. d. Place slice cultures back at 36°C with sTNFR1 present in media. e. 24 hours later, expose cultures to Sytox media for 20 min as previously described and collect background images to verify that coldpreconditioning did not injure cultures.
4. Quantitate data as described above. 5. Refresh media with components every 3-4 days in vitro.
Immediate and Delayed Excitotoxic Injury after Cold-preconditioning
1. Immediate injury with cold-preconditioning. a. Perform cold-preconditioning as described above. i. After cold-preconditioning, return cultures to normal incubation for 20 min.
ii. Then, expose cultures to 20-50 μM NMDA injury for one hour.
iii. Rinse cultures three times as described above and return to normal incubation. iv. After 24 hours, acquire injury photos as described above.
2. Delayed effects of cold-preconditioning. a. Perform cold-preconditioning as described above. b. Expose cultures to NMDA injury 24 hours later as described above. c. Continue to acquire injury images for up to three days after initial cold-preconditioning to monitor protection.
RNA Isolation
The following gene expression procedures are scaled for a single slice culture.
1. Transfer slice cultures from growth media and normal incubation to 3 mL RNAlater in 6-well culture dishes to stabilize RNA. Store at 4°C for up to three days until processed as described below. 2. Gently lift the slice culture off the insert with a fine tip paint brush and place in 1 mL of cold (4°C) PBS in a 1.5 mL (DNase, RNase, and DNA free) microcentrifuge tube. 4. The assay is prepared as follows. a. Add 99 μL of TE buffer to each of the sample wells of the 96 well plate. The most efficient way to do this is to use a multichannel pipettor. b. Add 1 μL of RNA to the experimental sample wells. c. Add 100 μL of the diluted RiboGreen to each well using the multichannel pipettor and triturate with one or two strokes of the pipettor. d. Read the plate on a fluorescent plate reader at 480 nm excitation and 520 nm emission. e. Construct a standard curve using Microsoft Excel with measured fluorescence intensities of RNA standards. f. Calculate RNA concentrations in samples using the resulting linear equation from the standards curve.
SYBR Green Quantitative PCR
1. PCR procedures are best done in a clean area reserved specifically for work with RNA ( Figure 4) . a. Decontaminate the area and related lab equipment from potential DNA contamination and RNase activity before use with ultraviolet light, 10% bleach or RNase Away. b. Wear gloves throughout all procedures. c. Use RNase free water for all procedures as provided with the kit. Do not use DEPC-(diethylpyrocarbonate) treated water. d. Close all PCR-related tubes immediately after use to retard aerosol contamination of foreign DNA.
3. cDNA is produced from 30-200 ng total RNA via reverse transcription using iScript.
a. The choice of starting RNA quantity is determined by the total amount of RNA available with the goal of performing RT-PCR analysis on a portion of the sample (i.e., 10%-20% of the total). b. The remaining larger portion of RNA is stored for future analysis. c. The iScript kit utilizes a blend of random hexamers and oligo-dT primers, and a modified MMLV reverse transcriptase in a total volume of 20 μL. d. Reverse transcription proceeds for 25°C for 30 min followed by 42°C for 50 min, and the reverse transcriptase is subsequently denatured at 85°C for 5 min. e. Dilute cDNA in TE buffer to a final concentration of 0.4 ng/μL relative to starting RNA quantity. e. Optical measurements are taken during the annealing/extension step and Ct values were determined using the iCycler system software. f. cDNA for cytokine targets of interest and β-actin are used to construct standard curves.
i. Copy number is determined from the molecular weight and mass of the plasmid cDNA.
ii. Standard curves of copy number/mass are constructed and included in each assay.
iii. Ct values for each cDNA dilution are used to determine the copy number v. Ct curve.
g. Cytokine and β-actin copy number levels are determined for samples using standard curves.
Quantitative PCR for Microarrays
Quantitative real-time qPCR array screening is a highly sensitive and reproducible means to probe for low-level inflammatory mediator expression changes.
1. The RT2 Profiler PCR array from SABiosciences is used for inflammatory mediator gene expression changes, with the following steps described in further detail by the manufacturer. 2. The assay uses 0.1-1.0 μg RNA. We use local slice areas (e.g., CA1 which provides ~250 ng total RNA from two pooled samples) or whole single slices that contain a similar amount of total RNA. 3. Sample and control RNAs are reverse transcribed to cDNA using a first strand kit (e.g., #C-03).
a. The resultant cDNA is mixed with SYBR Green-based PCR mix (#PA-011) and 25 μL aliquotted into each of the 96 wells of the PCR array plate (measuring 84 unique experimental genes and 16 housekeeping genes). b. One array plate is prepared for the experimental sample and a second plate is prepared for the control. c. Note: The SYBR Green master mix provided by the manufacturer is thermal cycler-specific. 4 . Thermal cycling is done using an iCycler with a 40 cycle protocol consisting of a denaturation step of 15 sec at 95°C followed by an extension step of one min at 60°C. Optical data is collected during the extension step. Thermal cycling is followed by melt curve analysis scanning the 55-95°C temperature range in 0.5°C increments. 5. The relative expression of genes in treated and control plates was determined using the 2-ΔΔCt method using the provided Excel based software and expressed as a fold increase or decrease relative to controls. 6. Genes with two-fold increases or decreases in expression are considered for further evaluation. 7. Genes identified from PCR array screening (e.g., using #PARN-011A for cold-preconditioning) are further confirmed using qPCR.
1. PCR arrays identify which genes are regulated in response to stimuli. 2. In the example of cold-preconditioning, we identified the IL-11 gene as positively regulated in response to cold-preconditioning. 3. The next step in the analysis is to confirm that the newly identified gene is regulated in slice cultures using the qPCR assay detailed above.
Multiplexed Microsphere Flow Cytometric Proteomic Assay
1. Expose slice cultures to cold-preconditioning as described above. 
Immunohistochemistry
1. Fix cultures for 24 hours with PLP fixative consisting of 10 mL 16% paraformaldehyde, 1.096 g lysine, 0.42 g sodium phosphate, and 0.17 g sodium periodate, filled to a total volume of 80 mL with ultrapure water (fixative is 6.2 pH). a. We find that PLP fixative is a gentle fixative that allows detection of low-level immunostaining that otherwise would not be evident using other fixatives. b. Cultures are fixed for 24 hours and then transferred with a fine brush to PBS containing sodium azide (100 mg/L). c. Wash slice cultures in PBS three times, 10 min each. d. Block slice cultures for one hour at room temperature in 3 mL blocking solution in a six-well plate consisting of 10 mL goat serum, 0.75 mL Triton X-100, and 89.25 mL PBS. i. Serum for the blocking solution should come from the same species in which the secondary antibody was raised.
e. Incubate slice cultures overnight in primary antibody diluted in blocking solution at 4°C. i. The maximum volume of primary antibody solution for small glass Pyrex dish wells should be 0.3 mL higher volumes tend to run over the edge of the plate. ii. Place the dish in a humidified closed container. We do not cover the dish with adherent film since sections might be spun onto the overlying film and lost for further workup. iii. Adjust shaking speed of plate shaker to just high enough to circulate slices in the antibody solution.
f. Remove slices from glass plate and wash in PBS three times for 10 min per wash. g. Incubate slices in secondary antibody at room temperature for one hour while shaking.
i. Use small glass Pyrex dishes to load 0.3 mL secondary antibody solution. Notice that sham control injury is greater than that of cultures exposed to coldpreconditioning (CP). Traditionally, cultures are then exposed to 20 μM NMDA overnight to maximize CA1 neuronal injury levels and relative injury of CP v. sham, noted as a ratio of injury/maximal injury. However, exposure to maximal injury stimuli may not be sufficient to overcome neuroprotection from preconditioning. Accordingly, use of ratios of injury/ maximal injury may not accurately reflect neuroprotection from preconditioning. This is evident in the right hand images that show CP maximal levels are less than those of the sham controls.
Discussion
Two fundamentally important concepts important to delineation of the cytokine signaling system involved in cold-preconditioning neuroprotection are illustrated in Figures 6 and 7 . First, cytokines are extremely low concentration signaling molecules in normal brain. Nonetheless, physiological cytokine concentration changes have an immense potential to alter brain structure and function (i.e., phenotype) because of their ability to alter gene expression ( Figure 6 ). Furthermore, cytokines are highly redundant and pleiotropic in that multiple cytokines can have similar effects and a single cytokine can have variable effects (Figure 7) . Thus, to accurately establish the innate cytokine-bases for neuroprotection from cold-preconditioning (or other physiological preconditioning stimuli), composite analysis of related signaling variables must be determined. This is accomplished via multiplexed assay strategies. This will establish the cytokine "signature" of cold-preconditioning neuroprotection. M illustrated by a tomato) are present in the interstitial brain space at levels of around 150 and 3 mM, respectively, and have well-recognized roles in neural cell electrophysiological function. Similarly, pH (i.e., ~10 -7 M levels of hydrogen ions and illustrated as 780 meters along Chicago's lakefront) and calcium (i.e., ~10 -8 M levels shown as 7.8 km seen from a satellite Google image along Chicago's lakefront from McCormick Place to Promontory Point in Hyde Park near the University of Chicago). In addition, neurotransmitters released to interstitial space over these concentrations affect local brain region activity. In contrast, cytokines (shown as the distance from Earth to Mars) can alter brain function at concentrations more than ten million times less. 
